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Abstract

Availabili~y of board  soldcrjoinl  rcliabili~y i[lforllla[ioll  iscritical totllc\vidcr illlplcti~c[l[aIioIl  of Cl~ip Scalc
Packagcs(CSPs).  This papcr\vill  cotllparc l}\rccdiflcrctll CSPsco[lccpts  as\vcll  astllcir assctllbly  rcliabilily.
1 n add it ion, lilcraturc  cycling data for solder joint reliability of several low pin count packages will bc projected
foraspccific  cI~virot~t~~ct~t llsit~g atl~odificd Cofftt]-Mat)sotl  rclatiot]sllip. Projcctcd reliability rcsultsprcscnlcd
in graphs will bc compared to lhc thermal cycling Icsl results gcncmtcd  at JPL for low 1/0 lcadlcss ccratttic
packages.

Introduction

in surface mount tcclmology  (SMT), electronic packages arc mottntcd and terminated dirccily onto the PWB
surface rather than inserting IIIC leads into plated lhrough-holes (PTHs).  There arc several surface mount
packagc styles, boihactivc  andpassivc.  Ac(ivcdc\riccs arcdi\idcdi  t~lotlIosc\ vi(litcrtl]it]atiotlso  flcadsot~tllc
pcripllc~c}f  tllccot]]}~oI~ct~t, [\\osidcso rfo[trs idcs,orl ltosc\vitl~  tcrttlinations(  cithcrp  aclsors oldcrbuttlps)
ovcrtmlcho fthcbottotno  ftllccotllpot~cttt.  Peripheral Array Packagcs  (PAP) l~a\clcssp o[ctltial forsigntficant
rcduc[ion  in si~.c in cot]junction with incrcasc  itl l/Occmttts  compares 10 Area Array Packages (AAPs).  The
BGAs  from the Iallcr calcgory arc now the mainstay altcrmrti~c.

Forexmplc,  the CSPvcrsiot]  oftwosidcd PAParctllc l,c:icl-Ott-Cllip (l.OC)packagcs  at~dtl}c \crsiot\sfor
PAP arc micro- (or mini-)BGA packages with gct)crally cutcctic balls.

Auothcrlcvcl  of miniaturization isaccotnplishcd  by ’dircc(lyattaching thcbaredic  on lhc PWB. The direct
Flip Chip On Board (FCOB) is ihc ultitna[c  miniaturi~.ation level achieving nearly 70% clXcictlt usc of the area
ofthc dic ratio tothc PWB’sfoo(  print It] FCO13,  solder bumps arc pcrttlancnlly attached to the face of bare
die, thcflip sidcismounlcdo t\tl~cPwB. Itl Cliip-Otl-f30:ird,  \vittlabotlt 5cJY~tlsc  ofarcacKlcict}cy,  tl~cpaclsof
\virc bonded arc used for second Icvcl wire bonding outcj lIIC PWB.

Chip Scale Packages

Ettlcrging Chip Scale Packages (CSPS) arc compctitlg  \vitl] bare dic assmblics and arc now at the s(agc Ball
Grid Arrays (BGAs)  were aboul lwo years ago. These packages provide the benefits of small six atld
pcrformatlcc of the bare dic or flip chip, with the advat~tagc of s[anclard dic packages.

CSPsarc dctiticd aspackagcs  that arc upto 1.2or  l.5titl~cs  largcrtllal\  tl~cpcrill~ctcr  ortllcarea oftl}cdic,
rcspcctivcly.  Many matutfaclurcrs now refer 10 CSPS as packages tha( arc the miniaturized vcrsiotl  of their
previous  gcncration. TwocotlccpIs  of CSPsarcshowt\  in Figure  1, Packaging accomplishes many purposes,
it]c[udit~g  the follo\vit~g:

● Provides solder balls and leads that arc cotnpatiblc  with the PWB pad rnc(allurgy for reflow assembly
proccsscs
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● Rcdis(ributcs the tigbl pitch of the die to (kc pi[ch Ic\rcl that is w’i[hia [he norm of PWB fiibrication  The
small sizes of CSPS do not permit significant rcdistribalion and the carrcnl COSI cffcclit’c PWB fabrication
iimits full adoption of the tcchaology,  especially for high I1O colll~[s.

● Protects the dic from physical and alpha radialion damages, and provides a vchiclc for thermal dissipation
and case of dic functionality testing.

CSPS generally have been calcgori~.cd based 011 their ftmdamcatal smlcturcs These arc:

● Interposer packages with either flex or rigid wbstratc
● Wafer lCVCI molding al)d assembly rcdis[riba[ioa
● Lead On Chip (LOC) packages.

—.—

CSI% Concepts

Figom  1: ho Chip Scale Package Concepts

CSPS Assembly Rcliahility
Corrcnlly, most of data arc those that were gcncra(cd for package qualifications by maau~ac(arcrs  ~vith vcv
limited published information available 011 assembly reliability. TIICSC data arc of limited IIalue 10 Ihc cnd user
siacc often they have bcca collcctcd andcr significantly different manufacturing and cm’iromcntal  conditions
or for packages with di ffcrcn!  pin coants.

Failarc  at Ihc board lwcl  could caascd by either [11(! failarc of (1IC package itself 01 the package to board
connection, The latter could bc caused by (kc intrinsic lvcar-out mcchaaism or by hostile ctn’ironmcntal
fac(ors. The tlicrI~]o-Il~ccl~al~ical wear (crccp) of soklcr joints is the caasc of failure of most CSP assemblies.
Failure of solder joint can bc caascd by mcchailical  stresses in a non-uniform lhcrmal expansion ador
contraction of different materials io lIIC assembly. To achicvc minimum damage to solder joints, thermal
mismatch bctwccn the die and board should bc miaimizcd either by package optimizing or appropriate bard
material selection. Only a fcw of the CSP packages have bcca designed to alleviate damage dac to the thermal
cxpansioa of package/board mismatches.
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Literature Data on CSI’ Assembly Rcliat)iMy
Table 1 lists the assembly reliability for flex or rigid in[crpcrscrs, al~d wafer  lCVCI packages. Aspects of cycling
conditions with lhcir failure mechanisms arc summarized in the following:

● CTE absorbed CSP: Thermal cycliog test results for a cocflicicot  of thermal cxpansio]) (CTt3)  mismatched
relieved package arc shown in the Table 1. This package uses a TAWikc lC intcrcoonccls, a resilient
elastomeric interposer, and cutcclic solder balls. The resilient in(crposer  in col)junction wilh spriogiocss of
TAB interconnection cause to alleviate thermal expansion differences between the chip (CTE 2-3 ppnd°C)
and PWB (CTE for FR4 -15 ppIIdOC). This pacbgc has show] to be reliable, robust, and 00 requirement
for undcrtilling,  Thermal cycling/shock dala given in the Table were for daisy chain packages on FR-4
and were performed from the liquid nitrogen  tempcrahwc  (- 196°C) 10 hot oil ( 160°C’  ). Because of low
strain state of solder joinls,  wear out failure mechanism of solder joil~ts were I\ot observed and failure \vas
shifted to the heel of TAB intcrconncc[ion  with high mismatched s[rcss levels. Signiticaot  improvement
Itas observed when ductile gold leads were used. The gold vcrsioo showed no failure up to 2000 cycles in
the range of -65°C to 150°C. The thermal cyclil~g scrccllil~g tcs[ results w’ilh assembly exposures [o
extremely low (slrcss  conditions) and high temperatures (strain conditions) arc IIOt realistic and their
fiiilure mechanisms might not be representative of tllosc of field failure. Onc such failure due to extreme
high tmpcratore exposure is the chambcriog and deformation of FR-4 close to i(s glass transi~ion
tcn~pcmturc (Tg). The PWB materials will sho\v smcrc damage  if cycling tcmpcmturc become close or
exceeds their glass Iramition temperatures, the temperature (hat polymer materials starts to become  soft.
lodccd. it was observed that FR-4 plated through holes had massive barrel cracking failure.

TaMc 1. I,itcratorc data on CSPS asscmhly Rcliahilitj
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● Wafer package }vith the cxlrmc CTE misnui[cb: ‘1’hcrmal cycling test rcsolts  for assembly of a wafer
rcdistribulcd packa.gc is shown in the Table 1. In this package a thin film nlctal/polymer rcdistribu(cs  the
location of the solder bumps  over the chip to make these comJJatiblc  u’ith the surface moout footprio[, The
hcigh[ of the package type incrcascs  by the thickness of metal polymer Iaycr from the bare chip. This
additional layer wilt not generally absorb the CTE mismaicb bctwccn the chip and board al]d thcrcforc the
assembly reliability of these package shoold bc \Icry similar 10 C4 assmblics. Without malcrials, the
assembled package failed Icss that] 40 CSCICS  WIICO subjcctcd to t hcrmal  cycling bet ~vccn O°C and 10O°C
For these types of packages, general [y ul]dcrfilliilg is rcqui rcd to achiclc  acceptable ICVC1 of assembly
reliability. The undcrfillcd assemblies did not failed to 2,000 cycles.

● Ceramic package }vith rigid interposer: I’IIc non-lvafcr Icvcl ceramic packages have SIIOIYII  rcasonabtc
asscrnbly reliability with no ondcrtilling.  Thermal cycliag rcsolts  for a ccmmic package on FR-4 is also
included in the Table 1. The ceramic CSP oscs the same design rules as mulilaycr ceramic (MLC) w’ith the
first Icvci intcrconncc(ion choices of thermal compression and gold slud bump, solder flip chip, and wire
bond. The strength, rigidity, coplaoari(y,  and chamber of package arc cxccllct}l, The package assembly on
a 0.6nm low Tg FR-4 were failed at about 600 thermal CJCICS bclwccn -40°C to 12S@C. Cycles to failure
iucreascd to more than 900 cycles w’hcn PWB thickness iucrcascd  10 1.6 mm. Thicker FR-4 is cxpcctcd  to
show better rigidity when exposed to 125°C,  tcmpcralure close to the low Tg FR-4 polymer oscd for this
sh]dy.

Asscrnbly Rcliahility for Convcntirmal  Packages an(l IWsc Projected for CSPS

Reliability of conventional SM packages as well as Bal I Grid Arrays ha~’c  been imcsligatcd  at JP1,. Cycles to
failorc test data points and their Wcibutl distributions for 28-, a(td 20-pin I. CC, allcl 611-pin gull wing
assemblies arc shown il] Figure 2. Thermal cycling ranged from -55°C to 100°C w’ith 246 minolc duration,
The failure distribution pcrccnlilcs were approximated usiag a n]cdial~ plottillg position, Fi = (i-0.3 )/(It+O.4).
l’hc two-parameter Wciboll cumolativc failure distribution \vas used to fit data.

For comparison, projcctcd cycles to failorc for low cooat CSPS arc also included. Rcsolts arc those gatbcrcd
from literature and projcctcd based on a modified Coftla-Mansoll relationship. It is seen that board reliabilities
of most CSP packages arc comparable or belter than their 1 XT  coontcrparts.  These packages. however. arc not
as robost as Icadcd packages iocludi [W gull wing, and J-leads (data for J-lcacls arc not show in Figure I sillcc
there were no joini  fai[orcs  to 3,0(K) cycles).

Systematic Approach to Assess CSPS Board Rcliiibility

Board rcliabili[y  information is kcy clcmcnt  in Facilitating CSPS ill]~)lcl~~clltatiol]  ia comlucrciat and especially
in high reliability applications. For }vidcr applicaliom  of this technology, the potential user will need dcsigu
reliability data for its dcsigo since oflcn they have no rcsourccs, time, or ability to perform complex
cnviromcntal cbaractcri~ations. To help 10 build the infrastroclurc in these areas, JPL has formed a
consortium }vith the objcctik’cs  of addressing IIiany technical issues regarding tbc interplay of package type, 1/0
counts, PWB materials, surface finish, al~d maoufachwing  variables for the quality and rcliahility of assembly
packages, TIIC JPl,-lcd n]icro~ypcEKiA  consortium is IIOW building  its first [cst \clticlc  }Iith sixteen packages
from clcvcn manofac[urcrs  with 1/0s ral~ging from I 210540.
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Figure 1. Projcctcd  Cycles to failures for IAN  Pin Count CSP Assemblies and Curnulativc  Failure
Distributions for Conventional SM Package Assemblies Tested at JPL (-55°C to 100”C)

Conclusions
The JPL-lcd consortium is formed 10 address many board Jcliabilily issues of CSPS. Understanding of oicrall
philosophy of tesling to meet syslcm rcquircmcnts as wII as detecting nciv failure mechanisms associated ~vith
these miniaturiwd  packages arc kcy in collecting meaningful test results.

Acknowledgments
The research dcscribcd in this publicaliolt  is being cmicd out by the Jet Propulsion Laboratow, California
institute of Technology, under a contrac[ wi[h  the National Aeronautics and Space Adminis[ratiom

About the Author

Dr. Rcza Ghaffarian has nearly 20 years of industrial and academic cxpcricncc in mechanical, materials, and
manufacturing process cnginccring. At JPL, hc supports research and dcvclopmcnt  activities in SMT, BGA,
and CSP technologies for infllsion into NASA’s missions. He has authored over 30 technical papers and
numerous patentable innovations. }Ic rcccivcd his MS.  in 1979, Engineering Dcgrcc  in 1980, and Ph,D. in
1982 all in cnginccring from University of California at I,os  Angeles (UCLA).


